INTRODUCTION
Semantic dementia (SD) is a syndrome typified by profound word-finding difficulties and marked deficits in language and object comprehension. The patient's speech is fluent and syntactically intact, though it frequently appears empty of content. Patients with SD progressively lose their conceptual knowledge about the world and consequently become unable to comprehend the meaning of words or the identity of objects, regardless of input modality (Bozeat, Lambon ubiquitin-positive but tau-negative inclusions that result in temporal lobe atrophy (Grossman et al., 2004; Mummery et al., 1999 Mummery et al., , 2000 .
In contrast to other dementias (e.g., Alzheimer's disease, AD), patients with SD seem to maintain relatively preserved episodic and autobiographical memory, and their visuospatial and executive functioning scores at the time of diagnosis are relatively less impaired (Adlam, Patterson, & Hodges, 2009; Hodges et al., 1999; Koenig, Smith, & Grossman, 2006; Rogers, Ivanoiu, Patterson, & Hodges, 2006; Simons et al., 2005) , although they decline over time as a function of disease severity (e.g., Caine, Breen, & Patterson, 2009; Matuszewski et al., 2009; McKinnon et al., 2008) . In fact, some patients with SD exhibit a reverse temporal gradient (or 'reverse Ribot effect') relative to patients with AD regarding the preservation of remote memories. For instance, the performance of SD patients on the Autobiographical Memory Interview (AMI; Kopelman, Wilson, & Baddeley, 1990 ) is better for recent autobiographical information relative to past events, whereas AD patients exhibit the opposite pattern, namely poor memory for recent episodic information contrary to relatively preserved memory for past life events (Snowden, Griffiths, & Neary, 1996 ; see also Westmacott, Black, Freedman, & Moscovitch, 2003) . It has been proposed that the deterioration of hippocampal, entorhinal, and caudal perirhinal structures confines AD patients to the past and does not allow for the formation of new memories; conversely, the deterioration of temporal neocortical structures confines SD patients to the present and allows for only fragmented access to previously acquired semantic knowledge (e.g., Moss, Kopelman, Cappelletti, Davies, & Jaldow, 2003; Piolino, Belliard, Desgranges, Perron, & Eustache, 2003 ; see also Murray, Koenig, Antani, McCawley, & Grossman, 2007) .
In accord with their preserved autobiographical memories, and contrary to their vastly impaired performance on formal naming tests (Adlam et al., 2006; Rogers et al., 2006; Snowden, Thompson, & Neary, 2004; Woollams, Cooper-Pye, Hodges, & Patterson, 2008 ; see also Lambon Ralph, Graham, Ellis, & Hodges, 1998) , patients with mild to moderate SD have been reported to maintain some relatively-preserved vocabulary in their everyday speech for words that are related to their current experiences. In addition, even when they are unable to retrieve the correct object names, they are frequently able to use some of their personal objects appropriately in their everyday activities (Buxbaum, Schwartz, & Carew, 1997; Coccia, Bartolini, Luzzi, Provinciali, & Lambon Ralph, 2004; Graham, Lambon Ralph, & Hodges, 1997 , 1999 Lauro-Grotto, Piccini, & Shallice, 1997; Rogers, Lambon Ralph, Hodges, & Patterson, 2004b; Silveri & Ciccarelli, 2009; Snowden et al., 1994) . For example, Snowden et al. (1994 Snowden et al. ( , 1999 showed that SD patients were significantly better at identifying personal objects currently relevant to their everyday experiences, relative to personal objects they were using in the past. In addition, they were better able to recognize the faces of personal acquaintances relative to those of current celebrities, and their performance was similar for the identification of places with current relative to past personal relevance. Furthermore, results from patient KE (Snowden et al., 1994) suggested that she was more successful at identifying her own objects relative to the experimenter's, especially when those objects were placed in locations in the house that were congruent with the patient's everyday experiences (e.g., a hairbrush in the bathroom). A similar case study of patient WM showed that she could better identify items that were personally relevant and pertained to her current autobiographical experiences relative to other objects she had known before the onset of the disease (Snowden, Griffiths, & Neary, 1995) . Finally, analogous results were obtained from two patients who recognized contemporary famous names and monetary concepts better than historic names and past currency (Snowden et al., 1996) .
Similarly, Funnell (1995a Funnell ( , 1995b reported the case of patient EP, who presented with word-finding and comprehension difficulties and focal left temporal lobe atrophy (as revealed by a CT scan) consistent with an SD diagnosis. In the early stages of her disease, EP showed frequency and familiarity effects in word recognition, exhibiting significantly better performance for highly frequent and familiar concepts. To investigate whether EP would be able to relearn concepts she once knew but had now forgotten, Funnell (1995a Funnell ( , 1995b retrained the patient in naming a series of vegetables. The results of repeated exposure and practice with the test items improved the patient's identification of them, with the duration of the effect depending on the patient's degree of current experience with each object (e.g., naming of certain vegetables declined once they went out of season). Based on these findings, Funnell (2001) offered the possibility of a semantic memory system that is constantly being informed by the individual's personal experience. Downloaded by [University of Pennsylvania] at 12:10 22 March 2013
Finally, Hodges (2002a, 2002b; see also, Bozeat, Patterson, & Hodges, 2004) presented findings from two SD patients suggesting that -despite severely impaired performance in assessments of object namingpersonal familiarity with specific objects may lead to improved object use for those items. They further examined whether these effects are moderated by perceptual similarity and context by recording patients' demonstration of use for items that were perceptually similar or perceptually different relative to the patients' familiar objects. According to the results, patients performed better in this task when they were shown objects that were perceptually similar, but not perceptually different, to their own personal objects. With respect to the effects of context, performance did not seem to be influenced by situational factors, as patients' behavior did not differ between their familiar environment and the experimental laboratory. In a later study, Bozeat et al. (2004) discussed the case of patient JH who was able to relearn the use of 10 previously familiar objects after the experimenter's demonstrations, but whose performance steadily declined over time. Based on these findings, Bozeat et al. (2002a Bozeat et al. ( , 2004 argued that personal experience with specific objects might allow for the maintenance of some aspects of object knowledge, such as object manipulation, in semantic memory.
Overall, the above-mentioned findings would suggest that SD patients' knowledge for objects appears to be differentially influenced by the disease and may decline at different degrees depending on a patient's everyday experience with certain items. Specifically, the disease seemingly affects certain aspects of a patient's conceptual knowledge for objects, such as object names, at different rates relative to other aspects, such as knowledge of the object's function or mode of manipulation (e.g., the findings of Bozeat et al., 2002a Bozeat et al., , 2002b . Furthermore, there appears to be a dissociation between the rate of deterioration of a patient's semantic memory for objects, in general, and that for objects that are tied closer to the patient's everyday experiences, such that the preservation of semantic knowledge might be contingent upon the patient's frequency of interaction with a given object (e.g., Funnell, 1995a Funnell, , 1995b Snowden et al., 1994 Snowden et al., , 1995 see also Jefferies, Patterson, Jones, & Lambon Ralph, 2009; Patterson, Nestor, & Rogers, 2007) .
These findings are consistent with distributed accounts of semantic memory for concepts, according to which knowledge about object attributes (e.g., an object's name, shape, size, or mode of manipulation) is distributed across multiple, highly interconnected sub-systems that roughly correspond to the brain regions implicated in the acquisition and representation of those attributes (see Allport, 1984; Thompson-Schill, Kan, & Oliver, 2006; Tyler & Moss, 2001) . The pattern of an object's representation (i.e., how important manipulation, shape, size, etc. information is for one's interactions with it), in conjunction with the patient's current personal or autobiographical experiences, may influence the rate at which different object attributes are affected by SD (see also Damasio & Damasio, 1994; Pulvermüller, 1999; Tranel, Damasio, & Damasio, 1997) . In this context, patients may perform differently across tasks that require access to different object attributes (e.g., to name an object one may need to access different aspects of an object's representation than those activated when demonstrating its use). Importantly, these earlier findings would suggest that certain aspects of a patient's object knowledge may be amenable to rehabilitation interventions, which could facilitate the maintenance of certain aspects of patients' personally salient concepts until the very late stages in the progression of the disease.
Although earlier research using the patients' familiar objects has offered some insights into which aspects of object knowledge are more susceptible to SD, as well as explored whether autobiographical experience may support the maintenance of certain object attributes, each of these studies examined only one aspect of the patients' semantic knowledge -specifically, the patients' ability to name an object, their ability to demonstrate the use of the object, or their autobiographical or episodic knowledge about it (for exceptions, see Coccia et al., 2004; Giovannetti et al., 2006; Magnié, Ferreira, Giuliano, & Poncet, 1999; Silveri & Ciccarelli, 2009) . Examining each one of these components in isolation does not allow for an assessment of which aspects of conceptual knowledge are affected the most by SD and which may be maintained longer as supported by the patients' autobiographical experience. Even though earlier work has offered evidence that SD patients seem to be generally better at identifying and using objects that are relevant to their current personal experiences, no study, to our knowledge, has examined the degree of semantic knowledge deterioration in a uniform Downloaded by [University of Pennsylvania] at 12:10 22 March 2013 group of SD patients by employing a combination of tasks that would allow for a more comprehensive assessment of their object knowledge within an experience-based, distributed semantic memory network. Critically, no prior study has explored the potential significance of autobiographical experience for the maintenance of various aspects of object knowledge in SD by using a range of semantic and autobiographical memory assessments.
Given these limitations of the earlier research, in this study we aimed to examine the degree of preservation of semantic knowledge for everyday objects in a group of four SD patients and in a control group of three AD patients, by employing a comprehensive set of assessments, including object naming, gesture generation for object use, knowledge of manner of manipulation, and different measures of autobiographical knowledge associated with the object. With this set of procedures our goal was to identify whether SD affects certain aspects of object knowledge more than others in the group of SD patients relative to the control group of AD patients. We further aimed to explore whether autobiographical experience may increase the likelihood that some components of object knowledge are preserved until later stages of the disease, by examining the patients' performance with their personally familiar objects as well as with analog items that were either perceptually similar or perceptually different to the patients' familiar objects (see Bozeat et al., 2002a Bozeat et al., , 2002b . Based on earlier findings mainly focusing on object naming (e.g., Woollams et al., 2008) , we hypothesized that there might be a dissociation between the patients' performance on naming tasks and other assessments of their semantic memory for object concepts, such as the knowledge of an object's correct mode of manipulation. In comparison, AD patients were not expected to show this effect. Specifically, we hypothesized that SD patients' performance should be significantly impaired relative to that of AD patients on the naming task but not on the other semantic knowledge tasks. In line with past findings, we further predicted that the performance of SD (and, perhaps, AD, see Giovannetti et al., 2006) patients across tasks might depend on the patients' level of familiarity with the test items, such that they would be less impaired for objects that were personally familiar to them relative to perceptually similar or different object analogs. This possible familiar objects advantage might, hence, identify components of the patients' preserved semantic memory networks that could benefit from clinical rehabilitation interventions.
METHOD

Participants
Four SD patients (N = 4; 2 men, 2 women; mean age = 71.5 years) and three control AD patients (n = 3; 2 men, 1 woman; mean age = 83 years) all right-handed native English speakers, participated in this study. The SD patients did not differ from the AD patients in age (Z = -1.77, p = .12) or level of education (Z = -.54, p =.63). All SD patients were diagnosed with semantic dementia (SD) according to published criteria (Grossman & Ash, 2003; Neary et al., 1998) . All AD patients were diagnosed with probable dementia of the Alzheimer's type (AD) according to the criteria proposed by the National Institute of Neurological and Communicative Diseases and Stroke, Alzheimer's Disease, and Related Disorders (McKhann et al., 1984 ; see also Rosen, Mohs, & Davis, 1984) . The patients were recruited from the Department of Neurology at the Hospital of the University of Pennsylvania (UPenn) and the Institute of Successful Aging, University of Medicine and Dentistry in New Jersey (UMDNJ).
Neuropsychological assessment
Participants were screened for dementia severity with the Mini Mental State Exam (MMSE; Folstein, Folstein, & McHugh, 1975) . Patients were excluded if they fulfilled the criteria for dementia attributed to other medical or psychiatric conditions according to a comprehensive medical history, a structured neurological exam, and structural imaging using MRI. None of the patients were receiving sedating medications or cognitive enhancers at the time of the study. Participants were also screened for the presence of any visual or hearing deficits that would interfere with inspecting visual stimuli or understanding verbally-presented instructions.
The background clinical neuropsychological evaluation differed slightly for patients recruited from the two clinics. All patients were administered the 15-item version of the Boston Naming Test (Kaplan, Goodglass, & Weintraub, 1983 ; see also Rosen et al., 1984) and the F-A-S test of phonemic word list generation (Mickanin, Grossman, Onishi, Auriacombe, & Clark, 1994 Wechsler, 1995) . Visualspatial processing was assessed by means of the Rey-Osterrieth Figure Copy Test (UPenn; Duley et al., 1993; Osterrieth, 1944) or the Clock Drawing Test-Copy condition (UMDNJ; Libon, Malamut, Swenson, & Cloud, 1996) . Table 1 presents the demographic information for all patients and their performance on each of the above-mentioned neuropsychological measures. 1
After reviewing the patients' neuropsychological and imaging evidence, a senior behavioral neurologist (MG) at the Department of Neurology of the Hospital of the University of Pennsylvania performed the diagnosis for all patients. Patients who did not, according to the neuropsychological assessment, have the attentional capacity or cognitive skills necessary to complete an hour-long testing session and comprehend task instructions were excluded from participation in the study. To be included in the study, the participant's caregiver or residential staff person had to confirm that he or she actively participated in activities of daily living (with or without assistance) using his or her personal objects.
Materials
Familiar objects and object analogs
For each experimental task, participants were shown a total of 36 items: 12 familiar (i.e., the participants' personal) objects, 12 perceptually similar analogs, and 12 perceptually different analogs. Prior to the testing session, a telephone interview was conducted with each participant's caregiver. 1 We note that the MMSE performance at the time of diagnosis of patient JR was lower than that of the other three patients. Although we acknowledge this difference, in the absence of any other alternative neurological diagnosis for this patient, we note that the patient's performance in all other tasks of interest was comparable to the other patients, hence we chose to include his data in the analyses we report in the present paper. To examine whether the exclusion of this patient would influence our results, we performed all analyses with and without this participant. Given that we found no differences between these analyses, in addition to the overall limited number of SD patients discussed in the literature on semantic deficits, we decided to report our results with all four patients. Note: MMSE, Mini Mental State Examination; BNT, Boston Naming Test; PPT, Pyramids and Palm Trees Test; FTD-SD, Frontotemporal Semantic dementia; AD, Alzheimer's dementia; M, male; F, female. For the 15-item version of the Boston Naming Test patients' scores were compared to those of 25 age-matched healthy controls (mean age = 66.76; SD = 9.8); although the AD patients performed indistinguishably from the normal healthy subjects, the SD patients were significantly impaired on this task. For the Pyramids and Palm Trees Test (words and pictures), patients' scores were compared with those of 18 age-matched healthy controls (mean age = 70.3, SD = 8.0); the one AD patient for whom data were available was not impaired on this task relative to healthy control subjects, whereas the four SD patients showed impairment. Two of the three AD patients (DP & WL) were originally recruited from a different site where background testing differed slightly. SB, TM, JB, and LA were administered the Rey-Osterrieth Figure Copy Test. Scores from the three SD patients SB, TM, and JB were well within normal limits. AD patient LA obtained an impaired Rey Copy score, but made 0 errors when copying a figure of a clock and correctly named 12 of 15 objects on the BNT, suggesting that her poor Rey drawing may have been due to impaired executive planning/organization skills.
During the interview, the caregiver was asked to identify 12 portable household objects that the participant was currently using at least weekly. Table 2 presents a list of the items used for each patient, in addition to measures of average item familiarity and frequency by patient. Overall, these measures did not differ across patients; the measures further indicate that the objects used for each patient were of moderate-to-high familiarity and frequency (we will return to a discussion of item familiarity/frequency in a later section). The caregiver was asked to collect the personal objects for the experimenter's visit the day of the scheduled testing session. Before testing began, the experimenter prepared two laboratory analogs for each personal object: a perceptually similar analog and a perceptually different analog. Perceptual similarity between each familiar object and the laboratory analogs for that object was assessed on three parameters: (a) size, (b) shape, and (c) color. To be considered perceptually similar the laboratory analog had to be identical to the familiar object on two of the three parameters. To be considered perceptually different the laboratory analog had to differ from the familiar object on all three parameters. It should be noted that similarity was perceived on a continuum from very similar to not-at-all similar and not in absolute terms (see also Bozeat, et al., 2002a) . Two experimenters jointly selected the perceptually similar and the perceptually different analogs for each object; there were no disagreements between the experimenters regarding the selection of the appropriate analogs for any of the patients' objects. For each of the experimental tasks, each object was presented to the patient either until he or she initiated a response or 30 seconds had elapsed.
Experimental tasks
Naming task
Participants were asked to name each object (familiar, perceptually similar analog, or perceptually different analog) as quickly as possible. Each object was placed behind a screen. When the participant indicated that he or she was ready for the trial, the screen was raised. Participants were allowed to approach the object if they needed to see it more clearly but they were not allowed to (Coltheart, 1981; Gilhooly & Logie; 1980; Paivio, unpublished norms; Toglia & Battig, 1978) . Familiarity values were scaled to a range of 100-700 (μ = 488, s = 99). b A measure of word frequency was obtained for each item from a large database of hypertext frequency (Lund & Burgess, 1996) obtained from the English Lexicon Project (http://elexicon.wustl.edu; Balota et al., 2007 ; range = 0-17, M = 6.16, SD = 2.4). Asterisks indicate items for which both familiarity and frequency values were available in the MRC Psycholinguistic Database.
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Gesture task
Participants were instructed to demonstrate the use of each object by gesturing (i.e., 'Show me with your hands how to use this object'). Object presentation followed the procedures used in the Naming Task.
Personal object decision task
The aim of this task was to assess the patients' autobiographical memory for the specific object by determining whether they were able to distinguish reliably their personal objects from the laboratory objects. Participants were shown each object (familiar, perceptually similar analog, or perceptually different analog) separately, and they were asked to state whether the item belonged to them (i.e., 'Is this yours?'). Object presentation followed the procedures used in the Naming Task.
Object use judgment task
Participants performed a modified version of the Tool Use Judgment test (Rapcsak, Ochipa, Anderson, & Poizner, 1995 ; see also Buxbaum et al., 1997) . This task aimed to assess participants' semanticprocedural knowledge about an object through their accuracy in selecting whether the object was used correctly or not, depending on object familiarity. For one third of the items (Orientation condition) each object was presented being used correctly but in an inappropriate orientation (e.g., remote control up-side-down). For the second third of the items (Semantic condition) each object was presented being used in the correct orientation but incorrectly with respect to its normative use (e.g., a comb to turn on the TV). For the last third of the items (Correct condition) each object was presented being used correctly both in terms of orientation and use. The presentation of the objects across the three conditions (i.e., orientation, semantic, and correct) was randomized. Participants were asked to indicate for each trial whether the object was used correctly or not.
Semantic/script generation task
The goal of this task was to assess the patients' general semantic knowledge for the items in question. Given the open-ended nature of the questions, the task had the potential to elicit the patient's general semantic, procedural, but also autobiographical knowledge for each presented object. Participants were asked to report consecutively (a) where, (b) when, and (c) how (i.e., what are the steps involved) they would typically use each object. Objects were presented one at a time and participants were given as much time as they needed to respond to each query.
Procedure
All participants were visited at their residence. Before testing began, participants signed consent forms after receiving general instructions on the nature of the experimental tasks. Prior to the experimenters' visit, participants' caregivers had collected the 12 personal items that were identified in prior communication with the caregiver. Participants were administered all tasks in one experimental session. The order of presentation of the tasks for all patients was as follows: Naming task, Gesture task, Personal Object Decision task, Object Use Judgment task, and Semantic/script generation task.
2 Within each task, the presentation of all 36 objects across the three sets (familiar objects, perceptually similar analogs, perceptually different analogs) was completely randomized. Participants were allowed to take breaks if necessary. Each session lasted approximately 90 min. All sessions were videotaped with participants' consent.
RESULTS
Due to violations in the normal distribution of the data typical with small sample sizes, we employed non-parametric statistics (Wilcoxon-Mann-Whitney 2 Our rationale for selecting a specific order of presentation of the experimental tasks relative to a random order had to do with potential fatigue effects on participants' performance toward the end of the experimental session, which might have jeopardized the validity of our findings for all tasks, given the limited number of participants included in the study. That is, we aimed to ensure that there would not be one or more participants' data that would have to be entirely excluded from one of the five tasks due to fatigue effects, which might have been the case if random task presentation was followed and which would have significantly reduced the power to detect differences within each task. We note that, with only one exception, all patients were able to complete the experimental session without interruptions, thus we do not reckon that fatigue effects differentially influenced patients' performance in any of the tasks.
two-independent-sample rank tests) to examine differences in task performance between the SD patient group and the AD patient control group. We further used a similar non-parametric statistical approach (Wicoxon signed-ranks tests for paired samples) to examine possible differences among the three object categories (familiar, perceptually similar, perceptually different) for each task, within each patient group. A significance level of a = .05 was employed for all statistical tests.
Analysis by patient group, task and object type
Naming task
Scoring. Participants' responses were scored from the videorecordings on whether they correctly named each object. Participants' incorrect responses were also classified by error type. Two independent raters, blind to the experimenters' classification of the objects (i.e., familiar objects, perceptually similar or perceptually different analogs), scored participants' responses. Inter-rater reliability (Cohen's Kappa) for the naming task was .92; all differences between the raters were resolved in conference. The common scores of the raters (after consensus) were used for the analyses. The final scores reflected the percent of participants' correct responses.
The proportion of correct responses for the naming task for each patient is presented in Table 3 . Average results on this task by patient group are presented in Table 4 . The analysis indicated that SD patients were significantly impaired on the Naming task relative to AD patients for familiar (Z = -2.14, p = .03), perceptually similar (Z = -2.22, p = .03), and perceptually different (Z = -2.16, p = .03) objects. Although across SD patients the differences among object categories were in the expected direction, with performance for the familiar objects being superior to that for their perceptually similar and perceptually different analogs (see Table 4 ), the analysis did not reveal significant effects of familiarity for either patient group (all ps > .16). Specifically, in the SD group one of the four patients (SB) appeared to show such a familiar object advantage, although her performance was overall very poor. Similarly, in the AD group one of the three patients (LA) appeared to exhibit a familiar objects advantage, though her performance was rather good on this task (see Table 3 ). Overall, the results of the naming task showed that SD patients, in line with their SD diagnosis, were vastly impaired on this task regardless of the level of their familiarity with the stimuli (performance across object categories <20%). In contrast, AD patients did not exhibit similar impairments on this task (performance across object categories >79%).
Gesture task
Scoring. The coding for the gesture task closely resembled the procedures followed in Giovannetti et al. (2006) and Bozeat et al. (2002a) . Prior to the coding, a gesture 'dictionary' was developed for each object used in the study. Five healthy control subjects were asked to perform the gesture task with all the objects used. Their performance was videotaped and it was subjected to an analysis of the gestures employed on three components: (a) number of hands used to hold the object, (b) hand posture (e.g., clench, pinch), and (c) individual movements (e.g., a semi-circular movement over the head for a hairbrush). Through this process, the normative gestures associated with the use of each object employed in the study were catalogued in the gesture 'dictionary'.
The patients' gestures while performing the gesture task were analyzed from the videorecordings on the basis of the normative gestures as presented in the gesture 'dictionary'. Gestures were scored on the previously-mentioned three components. A point was assigned for each gesture component that was executed without error. Two independent raters, blind to the experimenters' classification of the objects (i.e., familiar objects, perceptually similar or perceptually different analogs), scored participants' responses. The final scores reflected the percent of gesture components that were accurately performed out of the total number of possible correct gesture steps for each object that were included in the 'dictionary'. Inter-rater reliability (Pearson's r) for the gesture task was .75; the reliability procedures were the same as in the naming task. The common scores of the raters (after consensus) were used for the analyses.
One SD patient (JR) failed to follow consistently the instructions for the gesture task with sufficient accuracy, thus testing for gesture was not completed. Relative to AD patients, SD patients did not exhibit significant decrements in performance in this task across all object categories (all ps > .13; see Table 5 ). Similar to the Naming task, there was no significant effect of object type (familiar, Downloaded by [University of Pennsylvania] at 12:10 22 March 2013
TABLE 3
Individual patient performance by object type and experimental task
Patient(diagnosis) JR(FTD-SD) SB(FTD-SD) TM(FTD-SD) JB(FTD-SD) LA(AD) DP(AD) WL(AD)
Object type Table 5 ). With respect to individual subject performance, of the four SD patients, one (SB) showed a familiar objects advantage; in fact, for this patient performance on perceptually similar and perceptually different object analogs was at least 10% lower than in the other two SD patients, who were relatively unimpaired on this task across object categories (see Table 3 ). None of the AD patients appeared to show a familiar objects advantage. Critically, in contrast to the discrepancy between the AD and SD participants on the naming tasks, the groups performed comparably on the gesture task. For both groups, the ability to generate gestures appropriate for the use of each object was largely unimpaired (see Tables 3 and 5 ). Importantly, for SD patients performance on this task, although not flawless, was dramatically better relative to their performance on the naming task.
Personal object decision task
Scoring. Participants' responses were scored from the videorecordings on whether they correctly identified each object as their own or the experimenter's. Two independent raters scored participants' responses. Inter-rater reliability (Cohen's Kappa) for the personal object decision task was .93; the reliability procedures were the same as in the previous tasks. The final scores of the raters (after consensus) reflected participants' percent of correct responses across all items by category.
SD patients did not differ in their ability to recognize whether each object was theirs or not relative to the AD patient group (all ps > .29), although -similar to the gesture task -there was a trend for SD patients to outperform AD patients on this task (see Tables 3 and 4) . For both patient groups, the difference in performance across all object categories was not significant (all ps > .11). One of the four SD patients (JR) showed an advantage for familiar objects, though his performance was overall very poor (see Table 3 ). Interestingly, two of the four SD patients (SB, JB) showed the reverse familiarity effect, with better ability (>92%) to reject perceptually similar and different analogs as their own objects. A similar pattern was observed in the AD group: one of the three patients (LA) showed a familiar objects advantage, whereas the other two (DP, WL) showed a reverse familiarity effect (see Table 3 ). (We will return to this issue in the Discussion.) Importantly, three of the four SD patients, although not errorless, performed fairly well on this task, whereas two of the three AD patients performed very poorly, particularly for objects that were classified as familiar to them. Overall, contrary to their performance on the naming task, Alzheimer's disease patients (n = 3)
.
(.26) .81 (.35) .83 (.32)
Note: The proportion of correct gesture steps was calculated relative to the total number of possible necessary gesture steps that were identified in the gesture 'dictionary'.
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but similar to their scores on the gesture task, SD patients were generally unimpaired in the personal object decision task.
Object use judgment task
Scoring. For each condition (orientation, semantic, and correct) participants' responses were scored from the videorecordings as properly identifying whether the object was used correctly or not. The scoring and reliability procedures were the same as in the previous tasks. Inter-rater reliability (Cohen's Kappa) for the object use judgment task was .82. The final scores of the raters (after consensus) reflected participants' percent of correct responses across all items by category.
Both patient groups performed equally well on this task for all object categories (all ps > .25). Across object categories there were no differences in performance for either patient group (all ps > .18) that would indicate deterioration from the familiar to the perceptually similar and different object analogs (see Tables 3 and 4) , although there was a trend toward better performance for familiar items relative to perceptually different items in the SD group (Z = -1.73, p = .08). None of the patients in either group showed a strong familiar objects advantage for the object use judgment task. However, all four SD patients performed >75% on this task, with three of the four (SB, TM, JB) exhibiting almost perfect performance (>92%) regardless of object category (see Table 3 ). In contrast, two of the three AD patients (LA, DP) appeared somewhat impaired on this task, possibly due to difficulties in the organization of complex action associated with AD (see Table 3 ). In general, the SD patients appeared able to specify whether an object was being used correctly or not, and the level of familiarity and perceptual similarity of the object did not seem to determine good performance on this task.
Semantic/script generation task
Scoring. The participants' responses were transcribed from the videorecordings by two research assistants, blind to the classification of the objects. The blind coders subsequently counted the total number of words included in each transcript. In an attempt to quantify accurate and meaningful information that the participant generated for each object, two different blind coders identified the number of 'content' words per object for each transcript. Content words were defined as all nouns, verbs, adjectives, prepositions, and adverbs that correctly referred to the target object. For instance, if in the presence of a hairdryer a participant gave the response 'Well I use it in the bedroom, in the bathroom . . . when you wash you hair and it's wet, if you want it to dry' the response would be given a score of 9 content words (use, in, bedroom, bathroom, when, wash, hair, wet, dry) .
3
The reliability procedures were the same relative to the previous tasks. The average inter-rater reliability (Pearson's r) for the presence of content words was .90 (range .88 to .94). The common scores of the raters (after consensus) were used for the analyses. For each patient, the number of total words, the number of total correct-relevant content words, and the proportion of correct-relevant content words (i.e., the correct-relevant content words/ total words ratio) were calculated.
Relative to AD patients, SD patients did not differ in the number of correct-relevant content and total words generated, or the correct-relevant content words/total words ratio for any of the object categories (all ps > .63; see Table 6 ). Critically, contrary to their performance on the naming task, all patients were able to generate satisfactory and appropriate responses for the objects in the script generation task, though -as expected -there was some variability in the quality of the responses, as captured by our comprehensive coding scheme for this task. Examples of task appropriate and inappropriate patient responses by patient group are presented in Table 7 . None of the patients showed a strong familiar objects effect in this task (see Table 3 ). Nevertheless, the pairwise comparisons (Wilcoxon Signed-ranks test for related samples) suggested a possible advantage for familiar objects relative to perceptually similar analogs in the number of correct-relevant content words generated in the SD group (Z = -1.83, p = .07). No familiar objects advantage was observed in the AD group in this task (all ps > .11). In sum, in comparison with the AD group and despite the nature of their semantic memory deficit, SD patients were overall able to perform well on this task.
Analysis across tasks
The results of the battery of semantic memory assessments that we presented above would suggest that the performance of SD patients compared to the control group of AD patients was significantly impaired on the naming task relative to the other tasks, for which performance was satisfactory albeit not flawless (see Tables 3-6 ). To explore more directly whether there was a significant [Hairdryer] Well I use it in the bedroom, in the bathroom . . . when you wash you hair and its wet, if you want it to dry. You hold onto that.
[Glass] Pick it up with your hand and take a drink.
Inappropriate response [Key] That's a good question. Oh right, right. You know I can't think of it, it's funny.
[Hat] I have only done it very little.
[Pen] Well, I would be able to, uh, have like a book to have you know, and be able to, just to, you know, just so you do not have to have paper.
Alzheimer's disease patients Appropriate response [Pencil] If I were writing a letter, I would use that object. If I were just sitting writing something for myself I would use that object. I would use that object whenever I wanted to write something.
[Bowl] I'd use it for dessert probably.
[Spoon] I would take the handle, I would dip it into the soup, pick it up and, very carefully, put it into my mouth.
Inappropriate response [Fork] This is a fork; I would use it pretty much like the other things I use. You use it for baking when you need it and, um, those are the kind of things you use when you are out sometimes.
[Cup] Wherever you are when you need it.
[Lipstick] You have the um, and you have to look at the person and see what coloring they are and how they look then they have to bring in that kind of a thing.
Downloaded by [University of Pennsylvania] at 12:10 22 March 2013 difference in performance in the naming task relative to the other tasks in the SD patient group only, we performed non-parametric pairwise comparisons (Wilcoxon Signed-ranks tests for related samples) between the naming task and the three assessments which were scored in percent correct responses by participant (i.e., gesture task, personal object decision task, and object use judgment task), for each object type separately (familiar, perceptually similar, perceptually different).
In line with our predictions, for the familiar objects, performance on the naming task in the SD group tended to be impaired relative to performance on the gesture task (Z = -1.60, p = .06, onetailed), the personal object decision task (Z = -1.83, p = .03, one-tailed), and the object use judgment task (Z = -1.89, p = .03, one-tailed). In contrast, AD controls performed better on the naming task relative to the personal objects decision task (Z = -1.60, p = .06, one-tailed); all other comparisons for that group were not significant (all ps > .18). Similarly, SD patients' performance on the naming task for the perceptually similar objects tended to be impaired relative to performance on the gesture task (Z = -1.60, p = .06, one-tailed), the personal object decision task (Z = -1.84, p = .03, one-tailed), and the object use judgment task (Z = -1.89, p = .03, one-tailed). For the AD patient control group, in contrast, there were no differences in performance across tasks (all ps > .29). Finally, for the perceptually different objects, performance on the naming task in the SD group tended to be impaired relative to performance on the gesture task (Z = -1.60, p = .06, one-tailed), the personal object decision task (Z = -1.84, p = .03, one-tailed), and the object use judgment task (Z = -1.84, p = .03, one-tailed). In contrast, for the AD control group there were no similar task effects (all ps > .16). 4 Overall, the results of the tasks we employed in the present study appear to support the hypothesis that a more comprehensive set of semantic memory assessments may reveal different patterns of impairment for object knowledge in SD. Specifically, our findings would suggest that -relative to a control group of AD patients -SD patients exhibited dramatic impairments in the naming task; however, as reported in the previous section, their performance was relatively unimpaired in the other assessments, which may have tapped other aspects of the patients' semantic memory for object concepts.
DISCUSSION
The primary aim of the present study was to explore whether certain aspects of an object's distributed conceptual representation, such as an object's name, might be susceptible to semantic deterioration at different rates relative to other aspects, such as knowledge of an object's function or correct mode of manipulation. In contrast to most previous studies that employed a single task to measure the degree of impairment of conceptual knowledge for objects in SD, in the present experiment we combined multiple procedures that allowed us to obtain a comprehensive assessment of the patients' object knowledge. Additionally, we investigated whether autobiographical experience and personal familiarity with specific items would modulate the effects of the disease, such that familiar objects would elicit better performance on semantic memory tasks relative to perceptually similar and different object analogs.
By employing a broader combination of procedures, we were able to demonstrate, in the same group of SD patients relative to a control group of AD patients, that although SD, predictably, leads to vastly impaired performance on naming tasks (<20% correct response rates), other aspects of the patients' knowledge for objects remained significantly well-preserved. Specifically, the patients were reliably able (a) to gesture with their hands the objects' normative function, (b) to identify whether a particular object was theirs or not, and (c) to decide on whether an object was used correctly or not. Furthermore, when asked questions referring to the context of using these items (where, when, how they would use each object), the patients were able to generate verbally meaningful scenarios regarding the objects' canonical, everyday function.
These findings are in line with distributed accounts of semantic memory (e.g., Allport, 1984; Chao, Haxby, & Martin, 1999; Damasio & Damasio, 1994; Pulvermüller, 1999; Tranel et al., 1997; Tyler & Moss, 2001) according to which knowledge for objects is encoded through multiple cortical pathways that are activated by one's multimodal experiences with a given item (e.g., visual, tactile, language-based, etc.). Brain injuries or neurodegenerative diseases may differentially influence these pathways, such that some aspects of object concepts deteriorate whereas others are preserved. In accord with this view, our findings indicate that SD may affect certain aspects of an object's conceptual representation (e.g., object name) more than others (e.g., knowledge of function or correct mode of manipulation), which may remain relatively maintained -albeit not entirely -until later stages of the disease.
It is important to emphasize that these patients were not simply anomic; the data from the Pyramids and Palm Trees test indicate that their knowledge for a broad range of concepts was, in fact, degraded significantly to meet the criteria for an SD diagnosis. Nevertheless, we note that in the present study we focused exclusively on artifacts. We suspect that the observed effects could follow different patterns of impairment for other categories such as natural kinds (e.g., fruits, vegetables, animals) for which tactile or functional/action information may be limited. However, we acknowledge that assessments of knowledge for animals or fruits may be necessarily restricted to expressive or receptive recognition tasks that may reveal more pronounced deficits, akin to the markedly impaired performance on the naming task we observed in the present study (e.g., Graham, Patterson, Powis, Drake, & Hodges, 2002; Rogers et al., 2004a; Rogers, Patterson, & Graham, 2007 ; see also Patterson et al., 2006 Patterson et al., , 2007 . Whether manipulability or functional information determines knowledge preservation in SD for different object categories is an empirical question worthy of further experimental investigation.
With regards to the influence of personal familiarity and autobiographical experience on the maintenance of certain aspects of object knowledge, our findings would suggest that the effect might be idiosyncratic or determined by patient-specific factors. In particular, only one of the four SD patients (SB, see Table 3 ) showed better performance for her familiar objects in two of the five semantic memory assessments (i.e., naming and gesture). A different SD patient (JR), showed a similar effect, but only for the personal object decision task. For the script generation task, SD patients, overall, showed a possible trend toward the predicted direction, namely better performance on content words for familiar objects relative to perceptually similar object analogs. In the AD group, one of the three AD patients (LA) showed better performance for her familiar objects in two of the five semantic memory assessments (i.e., naming and personal object decision). No other familiar objects effects were observed in that group. Interestingly, two SD patients (SB, JB) and two AD patients (DP, WL) exhibited the reverse familiarity effect in the personal object decision task; in other words, it was easier for them to reject correctly experimenter items as theirs, behavior that was possibly guided by the more 'autobiographical' nature of this task. Regarding this result, it is possible that explicit recognition of an object as one's own is especially difficult outside of the object's natural context and in a very unusual context (i.e., in the hands of the experimenter). Overall, these findings are characterized by more variability than what was reported in earlier results (e.g., Bozeat et al., 2002a; Funnel, 1995 Funnel, , 2001 Snowden et al., 1994) . When we used a comprehensive set of assessments of object knowledge relative to the single-task procedures employed in earlier studies, the suggested advantage for the patients' familiar objects was not as pronounced as in previous experiments (Bozeat et al., 2002a (Bozeat et al., , 2002b , and, critically, it did not hold consistently across all the tasks.
A number of factors may have contributed to these differences with earlier work. One possibility is that our SD patients may have had experience with multiple exemplars of the examined objects, which may have allowed them to generalize more easily across perceptually similar and perceptually different object analogs. However, from our discussions with the caregivers during the identification of the familiar objects, exposure to multiple exemplars would appear unlikely.
Furthermore, it could be argued that the analog objects were not sufficiently different perceptually relative to the patients' familiar objects. As mentioned earlier, similarity in the present study was defined in order of degree rather than in absolute terms, which may partially account for the absence of marked improvements in performance for the familiar items.
A related issue pertains to the use of color as one of the variables we manipulated to determine degree of similarity between familiar objects and their analogs. Specifically, earlier research has shown that color may be represented differently than object size and shape and, as a result, may have qualitatively different effects on object recognition (see Oliver & Thompson-Schill, 2003 Moreover, color knowledge in SD appears to decline in parallel with object names (e.g., Rogers et al., 2007) ; hence, color may not have been an aspect of the objects to which the patients strongly attended. For these reasons, it might be that the use of color to manipulate perceptual similarity may have led to the selection of analog objects that were not as perceptually different from the patients' familiar objects as what was originally intended. Notwithstanding these possibilities, the use of shape and size for the identification of perceptually similar and different analogs, along with the high inter-rater agreement during the analog object selection, would suggest that the analogs were sufficiently different from the familiar objects to elicit the familiarity effects previously reported in the literature.
A different possible factor that may have influenced our findings is the overall frequency or familiarity in the environment of the objects we presented. Recent findings have shown significantly better performance of SD patients in semantic memory assessments involving typical or frequent versus atypical or infrequent exemplars of an item category (e.g., Caine et al., 2009; Jefferies et al., 2009; Rogers et al., 2007; Woollams et al., 2008) . This would suggest that the familiar objects advantage might be the result of an interaction between a patient's personal familiarity for a given item and the degree of familiarity or frequency of that particular item category in the environment. In other words, it is possible that patients perform fairly well with objects that are, in general, more frequent in the environment (e.g., toothbrushes, spoons, keys), but they show an advantage for familiar objects that are, overall, encountered rarely (e.g., mattress inflator, candle snuffer). In the present study, we focused on the effects of personal familiarity versus perceptual similarity and did not manipulate overall item familiarity explicitly. From our evaluation of the familiarity and frequency of the items we used for each patient (see Table 2 ), all objects would appear to be of averageto-high familiarity and frequency for all patients in both groups. Accordingly, it is possible that our findings apply only to items of average-to-high frequency and that a more pronounced familiar objects advantage might be observed with lowerfrequency items. A concurrent manipulation, thus, of personal and overall familiarity of the objects, in conjunction with comparisons involving perceptually similar and different object analogs, could address this issue in future work.
An important issue brought up by these data concerns disease severity. In interpretations of these and other findings in SD, it is essential to take into account the progressive character of the disorder and the likelihood that it does not affect the abilities of different patients in the same manner (Bright, Moss, Stamatakis, & Tyler, 2008; Silveri & Ciccarelli, 2009 ; see also Caine et al., 2009) . Regarding the present results, the observed dissociations between naming and the remaining measures are likely associated with the mild to moderate SD diagnosis of the particular patient cohort. As the disease progresses, we would expect a decline in performance for all tasks, which would then resemble the low scores on the naming task, albeit with some heterogeneity across patients. Regarding the potential advantage for familiar objects, it is further possible that our patients were less impaired relative to those examined in earlier studies (e.g., Bozeat et al., 2002a) , which could explain our less pronounced effects. For example, as the disease progresses, patients may increasingly rely on autobiographical experience for object recognition during their daily activities, thus showing a stronger familiar objects advantage. Notably, however, these effects may be idiosyncratic and determined by the patients' level of everyday activity and the degree of preservation of their autobiographical and episodic memories (Adlam et al., 2009; Matuszewski et al., 2009) .
On the whole, our results complement earlier research on SD (e.g., Bozeat et al., 2002a; Funnell, 1995a Funnell, , 2001 Ikeda, Patterson, Graham, LambonRalph, & Hodges, 2006; Snowden et al., 1994 Snowden et al., , 1996 ; see also Graham, Patterson, Pratt, & Hodges, 1999) because they highlight the importance of using multiple assessments of semantic knowledge to evaluate what SD patients do and do not know about everyday objects. By using a combination of tasks that capture different aspects of the patients' object knowledge, we were able to show that significant components of semantic memory for objects are maintained relatively well. Importantly, the trends toward a familiar objects advantage we observed in some patients would appear to indicate that -in the early stages of the disease -personal, everyday experience with objects might support those components of semantic memory that remain relatively preserved.
Such a possibility may have important implications for various rehabilitation interventions for semantic dementia, which would prolong the patients' independence in activities of daily living Downloaded by [University of Pennsylvania] at 12:10 22 March 2013 until the late stages of the disease. For example, after identifying the degree of semantic deterioration through a comprehensive set of procedures like the ones we used in the present study, patients could relearn aspects of object knowledge they have lost -such as object names -through training procedures that build on aspects of object knowledge that remain preserved -such as knowledge of an object's function or mode of manipulation. For example, Jokel, Rochon, and Leonard (2006) have shown that a comprehensive training program on items patient AK could not name but could understand prior to treatment, was associated with a significant relearning of these items. In addition, the practice program was able to delay the progression of semantic memory loss for items that were not affected prior to treatment. Moreover, a recent study has demonstrated the effectiveness of errorless learning, computer-based paradigms as treatment interventions for semantic dementia (Jokel, Rochon, & Anderson, 2010) . By means of such an intervention, an SD patient (CS) was able to relearn the names of objects the he had lost but understood, in addition to maintaining the names of known items for a longer period of time during the progression of the disease (see also Dewar, Patterson, Wilson, & Graham, 2009; Heredia, Sage, Lambon Ralph, & Berthier, 2009; Kumar & Humphreys, 2008 ; see also Bier, Macoir, Gagnon, Van der Linden, Louveaux, & Desrosiers, 2009; Henry, Beeson, & Rapcsak, 2008) . In sum, rehabilitation studies suggest that it is critical to rely on relatively preserved knowledge for effective retraining and remediation. Our data indicate that knowledge of actions and object use may serve as a relatively stable foundation on which retraining may begin in SD.
Finally, the present findings would suggest that there is an interaction between autobiographical experience involving common objects and one's semantic knowledge about the world. Although SD patients were significantly impaired in the naming task, they were able to perform reasonably well in the other assessments of semantic memory. However, their performance in these tasks was not flawless. This suggests that some degradation of semantic memory can influence behaviors involving common objects, inasmuch as these behaviors are supported by autobiographical experience. Our results could, thus, contribute to recent accounts on the role of autobiographical memory in SD (Adlam et al., 2009; Funnel, 2001; Graham, Simons, Pratt, Patterson, & Hodges, 2000; 
